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The effect of foliar applications of a commercially available 
seaweed concentrate (Kelpak 66) on the growth and cytokinin 
content of Phaseolus vulgaris L. plants was investigated. 
Kelpak 66 at a dilution of 1 :500 improved the growth of bean 
plants significantly irrespective of whether it was applied on 
its own as a foliar spray, or together with soil applications of a 
chemical fertilizer. Significant differences were also detected 
in the levels of endogenous cytokinins present in such treated 
plants. The cytokinin-like activity present in plants treated with 
seaweed concentrate was higher than in the control plants. 
Cytokinin glucosides were detected only in the fruits. The 
levels of these compounds were greatest in the fruits of 
plants which received both seaweed concentrate and fertilizer 
applications. The significance of these findings is discussed. 
S. Afr. J. Bot. 1984, 3: 375-379 
Die effek van blaarbespuiting van 'n kommersiEHe seewier-
konsentraat (Kelpak 66) op die groei en sitokinien-inhoud van 
Phaseolus vulgaris L. plante is bestudeer. Kelpak 66 teen 'n 
verdunning van 1 :500 het die groei van die boontjieplante 
betekenisvol verbeter ongeag of dit aileen aangewend is as 'n 
blaarbespuiting, of tesame met chemiese bemesting as 'n 
grondtoediening. Betekenisvolle verskille is oak gevind in die 
natuurlike sitokinien-konsentrasies van sodanig behandelde 
plante. Die sitokinienagtige aktiwiteit wat waargeneem is in 
seewier-behandelde plante was hoer as in die kontroleplante. 
Sitokinien-glukosiede is slegs in die vrugte waargeneem. 
Hierdie tipe verbindings was teenwoordig in grater 
hoeveelhede in die vrugte van plante wat beide seewier en 'n 
chemiese misstof ontvang het. Die implikasies van hierdie 
resu ltate word bespreek. 
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Introduction 
The beneficial effect of seaweed concentrate on the growth 
and yield of field crops (Blunden & Wildgoose 1977; Blunden 
eta/. 1979; Featonby-Smith & Van Staden 1983a, 1983b) 
and the possible involvement of hormones, in particular 
cytokinins (Booth 1966; Blunden & Wildgoose 1977; 
Featonby-Smith & Van Staden 1983a, 1983b), is now well 
established. Until recently, however, no research has been 
conducted to determine the effect of seaweed concentrate, 
which is known to have a high cytokinin content (Featonby-
Smith & Van Staden 1983a), on the endogenous levels of 
cytokinins within vegetative and reproductive organs of 
treated plants. 
It is well documented that cytokinins are involved in 
nutrient mobilization in vegetative plant organs (Mathes & 
Engelbrecht 1961; Turrey & Patrick 1979; Gersani & Kende 
1982). It has also been suggested that the presence of high 
levels of cytokinins in reproductive organs (Letham 1973; 
Davey & Van Staden 1977; Summons eta/. 1980) may be 
associated with the mobilization process (Wareing & Seth 
1967). Varga & Bruinsma (1974) reported that seeds and 
fruits or newly developing and morphologically changing 
organs have the potential to act as stronger sinks for 
cytokinins. This would mean that at certain stages of plant 
development the distribution of endogenous cytokinins, 
apparently synthesized in the roots, could be monopolized 
by a specific organ, thus creating preferential transport 
within the developing plant (Hutton & Van Staden 1984). 
Nooden & Leopold (1978) found that during fruit develop-
ment the mobilization centre for photosynthate shifts away 
from the roots, stem, apex and young leaves to the de-
veloping fruit. Hutton & Van Staden (1984) found that at 
the fruiting stage the fruits contained high levels of cytokinin 
activity and that at this time biologically active components 
which co-chromatographed with glucosylzeatin were detected. 
In an attempt to establish the effect of seaweed concentrate 
on the growth and endogenous cytokinin levels within 
Phaseolus vulgaris plants, Kelpak 66, a natural seaweed 
concentrate, was applied as a foliar spray with and without 
applications of a chemical fertilizer. Beans were used, as 
their endogenous cytokinins have been well studied (Wang 
eta/. 1977; Wang & Horgan 1978; Palmer eta/. 1981b ). 
Materials and Methods 
Plant material 
Plants of Phaseolus vulgaris L. ( cv. Wintergreen) were grown 
under greenhouse conditions. Seeds were germinated in 
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plastic pots containing a soil medium (sand: loam: peat moss 
1:2:1). The plants were watered daily with tap water 
interspersed with applications of seaweed concentrate (Kel-
pak 66) and liquid fertilizer (Liquinure). 
Treatments 
Plants were treated with seaweed concentrate and liquid 
fertilizer as indicated in Table 1. The seaweed concentrate 
(Kelpak 66) is prepared from the brown alga Ecklonia 
maxima (Osbeck) Papenf. (Featonby-Smith & Van Staden 
1983a). The chemical fertilizer (Liquinure) used in this 
investigation is manufactured by Fisons Agrochemicals 
(Pty) Limited, Johannesburg, South Africa. The fertilizer 
contains 11% nitrogen, 7,3% phosphorus and 3,7% potas-
sium. The first foliar application of seaweed concentrate and 
soil application of the liquid fertilizer were made when the 
plants were approximately 14 days old and subsequently 
every 15 days. The experiment was terminated after 2,5 
months. After harvesting, the plants were divided into 
fruits, leaves, stems and roots. These components were 
dried for 72 h at 60°C and the mass of the plant parts was 
determined. Least significant differences (where P < 0,05) 
for all data were calculated after performing an analysis of 
variance (Rayner 1967). 
Table 1 Outline of treatments applied to Phaseolus 
vulgaris plants 
Treatments 
Seaweed 
concentrate 
Seaweed (1:500) + 
concentrate Fertilizer fertilizer 
Control (1 :500) (1:250) (1:250) 
Number of times 0 5 0 5 
seaweed concentrate 
was applied 
Number of times 0 0 5 5 
fertilizer was 
applied 
Volume of seaweed 0 20 10 20+ 10 
concentrate and 
fertilizer 
appliedcm3 
plant- 1 treatment- 1 
Cytokinin extraction and bioassay 
Samples of fresh material taken from the fruits, leaves, 
stems and roots of plants from each treatment were used for 
cytokinin extraction and determination. The cytokinins 
were extracted and purified as described previously (Van 
Staden 1976). The activity of the cytokinin-like compounds 
in each extract was estimated by means of the soybean callus 
bioassay (Miller 1965). 
Chlorophyll determination 
Leaf disc samples were taken from fully expanded leaves of 
plants from each treatment. Five leaf discs from a single leaf 
were placed into vials to which 10 cm3 of methanol (100%) 
was added and allowed to extract for 24 h. Each extraction 
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was replicated 10 times. The absorption spectra of the 
extracts were measured in a Varian D.M.S. 90 UV-Vis 
spectrophotometer between 400 and 800 nm. Two peaks of 
absorbance, one at 440 and the other at 660 nm were 
recorded and subsequent readings were taken at these 
wavelengths. An analysis of variance was done on all data 
and the least significant differences (where P < 0,05) were 
calculated. 
Leaf area 
Total leaf area for each treatment was determined using a 
planimeter. The least significant differences (where P < 0,05) 
were calculated for all data after an analysis of variance was 
done. 
Results 
The overall appearance of plants treated with seaweed 
concentrate and seaweed concentrate plus fertilizer was 
better than that of the control plants (Figure 1). Seaweed 
concentrate applied as a foliar spray increased the total dry 
mass of the plants by 24% compared with the control. This 
dry mass increase manifested itself mainly as increased root 
growth and higher fruit yield (Table 2). With the application 
of a chemical fertilizer total dry mass increase compared 
with the controls was 38% with the effect being due 
Table2 The effect of seaweed concentrate and fertilizer 
applications on the dry mass (g) of P. vulgaris plants. 
Means for the parameter measured followed by the 
same letter are not significantly different (P < 0,05). 
Figures in brackets = percentage increase compared 
with the control 
Drymass(g) 
Treatment Fruits Leaves Stems Roots Total 
Control 2,1a 1,4a 1,6a 0,30a 5,40a 
Seaweed 2,8b 1,7b 1,8a 0,43b 6,73b 
concentrate (33) (21) {13) (43) (24) 
Fertilizer 3,0b 1,9bc 2,2b 0,37b 7,45c 
(42) (35) (38) (23) (38) 
Seaweed 
concentrate 3,2b 2,3c 2,7c 0,40b 8,6ld 
+ fertilizer (57) (64) (69) (33) (59) 
Totalx±SE 2,7±0,19 1,8±0,11 2,08±0,13 0,37±0,03 7,02±0,2 
L.S.D. 3,3 2,02 2,4 0,58 5,2 
predominantly to the increase in the dry mass of the fruits, 
leaves and stems (Table 2). Maximum growth was obtained 
in those plants which received both seaweed concentrate 
and fertilizer applications. Total yield was 59% greater than 
that achieved for the control plants (Table 2), with significant 
increases in dry mass being recorded in the fruits, leaves and 
stems. 
The increase in dry mass of bean plants (Table 2) was 
accompanied by increases in both the leaf area and 
chlorophyll content of the treated plants. This increase was 
highest in the leaves of plants treated with seaweed concen-
trate and fertilizer (Table 3). 
Seaweed concentrate and fertilizer applications had a 
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Figure 1 The effect of seaweed concentrate and fertilizer applications on the growth of Phaseolus vulgaris plants. A = control; B = 5 foliar 
applications of seaweed concentrate; C = 5 soil applications of fertilizer; D = 5 foliar applications of seaweed concentrate + 5 soil applications of 
fertilizer. 
Table3 The effects of the various treatments on the 
chlorophyll content and leaf area of leaves of P. vulgaris 
plants. Means for the parameter measured followed by 
the same letter are not significantly different (P < 0,5) 
Parameter measured 
Chlorophyll content Total leaf 
Treatment absorbance ( 660 nm) area (cm2 ) 
Control 2,5a 658a 
Seaweed 3,5b 698a 
concentrate 
Fertilizer 3,8c 975b 
Seaweed 
concentrate 4,5d 1120c 
+ fertilizer 
Totalx±SE 3,6±0,09 863±55 
L.S.D. 1,4 635 
pronounced effect on the endogenous cytokinin levels of 
Phaseolus vulgaris plants. Using 10 g samples of fresh 
material taken from fruits, leaves, stems and roots of the 
various treatments most of the cytokinin-like activity was 
detected as a single peak which cocchromatographed with 
zeatin, ribosylzeatin and their respective dihydro derivatives. 
The dihydro derivatives cannot be separated with the 
solvent system used. Cytokinin glucosides were only detected 
in plant material taken from the fruits (Figure 2). Seaweed 
concentrate application resulted in higher levels of cytokinin 
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Figure 2 Cytokinin activity detected in 10 g of fresh Phaseolus vulgaris 
fruit material taken from plants treated with seaweed concentrate plus 
a chemical fertilizer. Dowex 50 purified extracts were separated on 
paper using iso-propanol:25% ammonia hydroxide:water (10:1:1). Z 
= zeatin; ZR = ribosylzeatin; ZG = glucosylzeatin. Shaded areas 
represent activity significantly different from the controls at the 1% 
level. 
in all tissues, particularly the fruits (Table 4). Treatment of 
plants with both seaweed concentrate and fertilizer resulted 
in most of the cytokinin-like activity being detected in the 
fruits, with very little activity being detected in the rest of 
the plant. Cytokinin glucosides were responsible for most of 
the activity detected in the fruits, except in seaweed treated 
plants where the reverse was true (Table 5). 
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Table4 The effect of seaweed concentrate and/or 
fertil izer on the total cytokinin content of Phaseolus 
vulgaris plants. Activity is expressed as kinetin 
equivalents ng g- 1 fresh material 
Treatment 
Control 
Seaweed 
concentrate 
Fertilizer 
Seaweed 
concentrate 
+ fertilizer 
Cytokinin activity detected in plant material 
expressed as kinetin equivalents 
Fruits Leaves Stems Roots Total 
35 8 12 20 75 
328 92 124 113 657 
206 57 108 63 434 
502 3 27 8 540 
Table 5 The effect of seaweed concentrate and/or 
fertilizer on the type of cytokinins found in the fruits of 
P. vulgaris plants. Activity is expressed as kinetin 
equivalents ng g- 1 fresh material 
Treatment 
Control 
Seaweed 
concentrate 
Fertilizer 
Seaweed 
concentrate 
+ fertilizer 
Discussion 
Cytokinin activity of the fruits expressed as 
kinetin equivalents, co-chromatographing with : 
Zeatin and ribosylzeatin Glucosylzeatin 
Rf0,6-0,9 RfO,l-0,4 
9 26 
216 112 
40 166 
73 429 
The results of this investigation confirm previous findings on 
the effect of seaweed concentrate applications on the yield 
of certain field crops (Featonby-Smith & Van Staden 1983a, 
1983b ). The reasons for the yield increase achieved with the 
use of seaweed concentrate as a foliar spray are not 
completely understood. It is , however, thought that the 
hormonal content, particularly the cytokinin content of the 
seaweed, plays an important role (Brain eta/. 1973; Blunden 
1977; Featonby-Smith & Van Staden 1983a, 1983b). 
Root growth and the endogenous cytokinin content of 
roots treated with seaweed concentrate increased signifi-
cantly when compared with the control plants. The high 
level of cytokinin-like activity in the roots of plants treated 
with seaweed concentrate seems to indicate a build-up of 
cytokinins in the roots and a decrease in translocation to the 
shoots. There are numerous reports in the literature on the 
role of nutrients and in particular nitrogen in cytokinin 
translocation (Wagner & Michael1971; Goring & Mardanov 
1976). Salama & Wareing (1979) found that the rate of 
cytokinin export from the roots is lower at suboptimal than 
at optimal levels of nitrogen in the root environment. The 
results obtained here show that the application of seaweed 
concentrate together with a nitrogen source in the form of a 
chemical fertilizer resulted in a marked decrease in the 
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cytokinin content of the roots. Thus, in agreement with 
Salama & Wareing (1979), it would seem that the provision 
of a nitrogen source resulted in increased export of cyto-
kinins from the roots to the shoots. 
The high levels of cytokinin found in the developing fruits 
of plants treated with seaweed concentrate indicate either, 
an increase in the translocation of cytokinins from the roots 
(Davey & Van Staden 1978; Vonk 1979) or, the production 
of cytokinins within the fruits themselves (Hahn eta/. 1974). 
It has been suggested that high concentrations of cytokinins 
found in the fruits may be necessary for the creation of a 
strong physiological sink capable of competing with the 
remainder ofthe plant for nutrients (Luckwill1977). Mothes 
& Engelbrecht (1961) found that sugars and amino acids 
could be transported preferentially to regions of high 
cytokinin activity. The results of this investigation show that 
high concentrations of cytokinins within the fruits of treated 
plants are associated with an increase in the dry mass of 
those fruits. In all treatments except the one which received 
only seaweed concentrate application, the level of cytokinin 
glucosides in the fruits exceeded that of the free base 
cytokinins and their ribosides. Research has shown that 
when plant tissues accumulate cytokinin-like compounds, 
much of the increase in activity appears to be due to 0-
glucoside metabolites, the level of which may rise much 
more markedly than those of cytokinin bases and ribosides 
(Palmer eta/. 1981a; Van Staden & Davey 1981). Further 
evidence in support of the role of cytokinin glucosides as 
storage metabolites was presented by Summons et a/. 
(1980). They showed that when cytokinins were no longer 
required, the excess was metabolized by processes which 
involved either side chain modification, such as gluco-
sylation or side chain cleavage. The low levels of cytokinin 
found in vegetative parts of the plants of the control and 
those treated with seaweed concentrate and fertilizer would 
seem to indicate that the cytokinin pool in these plants is 
being utilized rapidly (Van Staden & Carmi 1982). This is 
supported by the significant increase in chlorophyll content, 
the dry mass and the overall leaf area of plants treated with 
seaweed concentrate and fertilizer. 
The significant increase in root growth resulting from the 
application of seaweed concentrate in this investigation is 
similar to that which was previously reported by Featonby-
Smith & Van Staden (1983a) for tomatoes. This increase 
was reflected in the dry mass as well as in an elevation in the 
cytokinin content of the roots. Improved root growth would 
probably result in more efficient moisture and nutrient 
utilization by the plants (Widdowson eta/. 1973). This could 
explain the overall beneficial growth of those plants treated 
with seaweed concentrate. 
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